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/

, _ L LOd-SPEED WIND TUNNEL (qLOCKAGE CORRECTIONS AND I' WALL CORR CTIOHS)

;_ I Lo','_r "_ _ tie I

: : ! J.C. Vaylsaire
I

' - Abstract. Demonstration of Ihow enlplrlcal formulas, which
13 - serve to determine the scalds of models in low-speed wind

- tunnels, are inadequate and lead to the use of small
models in large test chambeds, Two types of corrections

r are proposed (blockage corrections and wall corrections)
to obtain uniform results flom models or half-models of

!5 _ large size in relation to ti_e test char_r. A number o5
i studies dealing with blockate correctlol_s are analyzed.
- The essential concepts relaling to wall corrections are

reviewed and further developed. Currently used blockage
correction formulasoare p_e_en_ed, and so_, examples of

20 _ wall corrections ar_p_[_. °Y_es_udy Js illustratedL
by some test results,

z Foreword | /SS*

25 _ ! -- :L Confronted by a certain degree o: scatte in4__test results provided

by low-speed wind tunnels_ chiefly with a view to investigation of centers or
I

high list coefficients, Hr. H. Veplan' e, General Technical Director, and

_0 -Hr. O. Honod, Chief of the Aerodynamiq Testing Division of Harcel Oassault

' - Aircraft, have suggested, in February 1966, the undertaking of the present

- study. Their report was made during meeting o£ the Comzission of Aero-

35 - dynamics o£ the AFITAE.

- Durlr_ this meeting, Hr. J, Broc rd recollected that the semi-guided

- rectangula_ sections (like those of tile Breguet wind tunnel) require wall i
i

_0 -corrections so low tnat they can almo:;t be disregarded. This quality,

-quite recently confirmed by several tests of models o£ Vassault aircraft, i
" - led to the recollection o£ ideas hel_ by Professor A. Toussaint, as well !

- as formul_s and results relating to t]_ese corrections made before 1940. i

_5 - 1r, It will also be noted that the tl_eoretical corrections shown in the
i

L. following pages can be swiftly accomplished directly from the output of I
i

...... _AS

5_ _ *Numbers in margin indicate paglnatlo:} in 'foreign_ text. i
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_-measuring chains of wind tunn Is, usi compaters.

! _- It W_ therefore absolutei_ necessary to translate the correctional5 _ formulas _nto machine languages. Thi_, f_rthermore, will improve pr_cislon

in the d_ermination of certazn corrective terms. [
Summary |

_- Wind Tunnel Interference at Low-Speed I

_ Part one shows how the empirical formulas used to specify the scalesL_of models in low-speed wind tunnels a_ e inadequate and lead to the use of

i 15 _ small models in large test sections.

I -
i _- Two types of corrections are prol osed in this case: blockage coffee-

[ tions and wall corrections, i_.c,@_@e_a _,_ _e uniformity of experimental
20 -

- i - results produced using models or halfl models having large dimensions with
-

_ respect to those of the test section.

Part two analyzes various works elating to blockage corrections, i

referencedy_amicpressure'hencevel_city"l_a::es _ n I :!
Part three up the essentia t ideas _elating to wall correctio s, [/56 I30

then further developed. The latter a_e used to correct the reference velocit_
| |

in direction. I | !
! J

Part four discusses proposal._ £o: blockage co.rection- formulas now in / ,
35 i

I use and some examples of wall correct! _ns are given. These examples relate

_o testing of models in a guided circ tlar section and half-models placed i

in front o£ a panel located in a guid _i circular section, i

_0 _ Part five of this study is illu.. :rated by some test results from Avions
Marcel Dassault models corrected acco :ding to the method studied. The rela- i

-rive importance o£ various cozrection is detailed.

_5 -
- In conclusions, the developmenta potential of this study and re_ining

problems are discussed.

50 - Key b_.bliogrsphical refereuce_A _ e lis_ed. Some _inor references are
mentioned in _he text.
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_- _- Part One: General Comments f
/

- It " still conventionaL_,_, h , fleet , time to that, in order

; -- to produ valid results, i.e. requiring only slight corrections, it is

': _- necessary to use small models in larg_ wind tunnels.
!-" If', ,_-

; _ _ The wall corrections and the blockage corrections are therefore reduced, !
F to a minimum. Blockage corrections a_e sometimes even disregarded.

l.l

• i In this way, as a general rule, :he span of a model of a straight wing

" _ or that of a complete airplane should not exceed 75_ of the width of the
L
' test section. Stewart, among_other_w_i_t¢_c_aS mathematically demonstratedLOVer , a(

29 F

-' _ this rule by calculating the velocitil;s induced by the walls according to

_ the span of a straight wing placed in a test section with circular cross

_section [I]. I

! _ In a free circular test setti__0_ona_wing an is too lar_g_e_behaves i

i _ as if it had a twist greater than real.ity and !the results are optimistic
._with respect to flight. The contrary situation occurs in the case of a _ -

} 30 Iguided circular test section.

Nevertheless, this rule _,'.sbeen found inadequate in the case of the

:_ 35 delta wing or swept back wing. The m_face S of such airfoils with respect i
F to cross section C of the airway of tiretest section plays a great role. i

-It is proposed in this case, in order to produce suitable results, to use

40 -rules such as:
j-

- 1
S _ 0,085 =

y-

or better _57 !
r ;

Czm_. "_ _ 0,135O
i

Even Roman Odd i,,
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L T,BLESY..OLS
P_ge One _L,,_ ,

_C = _ross section of airway In tE_ te_t section.

5 C = SO _tn the case where the test s_ction Is occupied by a comple[e model

_ _n th_ absence of pa_e_ero_tatfe_m).

' C < S0 _Case of the half-model with _all--see Figure 4).

'; _ Cmu Coefficient of uncorrected p tching moment.

)0 !-Cx d Coefficlent of drag of separ, ltlons.
- Cx Coefficient of uncorrected d_j. t

u

j Cz Coefficient of uncorrected I ft.

u

15 - Cm Coefficient of corrected plt(ihlng moment of the blockage.
- Cx Coefficient of corrected dra( of the blockage.

-Cz Coefficient of corrected lif: of the blockage.- Cmc Coefficient of entirely corn cted pitching moment (blockage and
- walls).

Cx Coefficient of entlr6_yecoPe(ct6dudrag.
2O c

-Cz Coefficient of entirely corrected lift.- C

-D Equivalent diameter of the m_ximum fuselage cross section.

- L Length of the fuselage. _25 '-R Radius of a circular test se(;tlon.
- S Reference surface of the mad(el. Tot_) _r_ace of a complete model.
- _r--fa_h_ a i r-tro-[]--7c-_-e-of it-_-h-a-1 f_).

• -S Surface of the horizontal stabilizer. Including the part in the

J- e fuselage_ " I 2

_ ;?: 30 _ SO Cros_testsection,section of the test se(;tlon = _R in the case of a circular _:
-V 0 True "Infinity upstream" vel(_ity.
"Vm Volume of the model.

i b Span of a half-model.

; T 35 _2b Spa. of a complete model.

% Chord of the wing tip.

i co Chord on the axis of symmetr of the wing.

":! c r Reference chord.

'i'! 40 ,Ld Distance from the panel tot center of the clrcu,ar test section.

• m Haxlmum thickness of a profl e._ q

r i Incidence of' the model.

_+ Side slip angle of the model45 Raln aerodynamic chord.

:T Haln aerodynamic chord of th wing, defined by

( ,

- i

50 ,:_ . ,. . . .
• I J,
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'" _ TABLE OF SYHB_LS (CONT'D)
P.:. ':, _l,,

i !_ la _ee Figure 7. !i i

' f' F i _ee Figure 7. I l

L 1G _ee Figure 7. _'|
: I q Dynamic air pressure.

u Induced axial velocity.
: :_" -w Induced vertical velocity.

! : SeeFigure7
! P _Cma Correction of airfo;I pitching moment.

_ ACm Correction of pitching momen_ of horizontal stabilizer.

i e" _ACx Correction of wails relative)to drag.

&Cx Correction of drag coefficient owing to static pressure gradient
i L g of the wind tunnel. |

_Cx Correction of drag coefficient owing to slip stream gradient.

2G Ai Correction of walls re_ative_to _nc=_ence.
!6 Coefficient of correction of walls corresponding to the mean value

_ of the angle !nduced in span taken according to the llne located at

i 2 the quarter point of the cholds beginning from the leading edge.
_ _ = 4b /S Geometric elongation. I

i 25 rp Specific gravity of the air. _ !, (@,_

_-_ --_ff_c_of_-_velopmewt-o_-cne-an_rl_oUCeu L_ khe_Rat-l_accor¢_
lng to m direckion parallel o the l_ngltudinal axis of the wind

_ tunnel, t

i _ 1 + 2_ Coefficient of correction of dynamic pressure.

i _0_
Subscripts

a Relating to the wing.
c Entirely corrected.

! ,
3_ _ Relating to the stabilizer.

f Relating to the fuselage.
G Relating to the center of gnvity position.
u Uncorrected.

6 Relating to the. correction o walls defined by the coefficient 6.

.. 40 _
LI.3

t 'Our goal is therefore to make unifore those wind tunnel results

_produced beginning from models o£a s_e aircraft carrJ.ed out using different

scales and tested in various types o£1¢estt sections by applications o£ rela-
|ions o£ suitable corrections. /

....L
I -

J

Even Ro_an Odd : 'i I,
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- _ _ In the present state of the art, ,'#e have ascertained that the proposed

! relations warrant values of: ,::+_, r,:et%_'_ : : _'
F + i

_- S 1
' I _ =_ 0.2 =_

" t
L-

_ or even

S

_-"- Czm,_. _ = 0.37 !I =5+"-+1.4
+ I
2. These are double corrections: b2ockage corrections as well as wall

: corrections.
i Cover Pace £ource

The result from mathematical dev,_lopments consisting in the substitution

for the flow around the wing or a str,_amline body of a system of vortices,

_, __ doublets, sources and wails.

" L_ A slip stream likewise can be re ,la_ced_b ce so far as it is
l

_ possible to depict an aircraft by ,'artificial" mathematical means presenting

_-problems whose solutions become more act an_ precise as the simulations

- 30 _" become closer to reality, hence more ]''tomplex calculations.
t- |

In addition, the wind tunnel wal_s complicate these calculations stii"

L more, since it is possible to simulat their presence by substituting for

"" ?5 _ them infinite rows of pictures of vor :ices, sources and sinks defining the

-wing or the aircraft. The effects of this system of pictures on the model /58

+. are the same as those o£ the walls.

40 - Note that the walls of the wind :unnels are free or guided requiring a

,., _ definition of conditions at the bound Lries.
;r t-

At the level of exploitation o£ _he tests it is absolutely necessary

45 P" to determine precisely some o£ the ge _metric data and, in addition, to make

supplementary tests passing beyond $hs scope of the wind tunnel testing pro-

gram heretofore strictly limited to t'_e aircraft program. These supplementar _,+
50 r tests are necessary a.n ozdar to de_ some corrective terms eith precision.

F__3 "-
Even Roman Odd ' .
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• I _ Thes_ corrections theref_r_5_ht i_m the concept of "induced I veloc-
.. _ities: caused, by the model in the presence_ of walls: axial induced veloc-

ities insofar as concerns '_Iockage," J- "_'-'vertical induced velocities in the
I I'

i so calledl "walls" case. |

J;0 _ In reality, these induced veloci ies are applied on the model and

{ result from rows of pictures of special features replacing the wing or air-F {

c_'aft and which are substituted for t_e walls.
I

15 Furthermore, we shall no longer onsider these induced velocities as

_conceding a constant mean value at ri ht angles to the bearing line
perpen-

dicular to the direction of the "infi: ire downstream" velocity which is

20 _ substituted for the airfoil. Cover Pa,e Sodrce

F This constant mean value results from theoretical calculations based ,,

I either on the hypothesis of an e11ipti_ca1 distribution or on the _ypothesis

_of a constant the li_I in spa_. These two _alculation modes
distribution O_

i
":I _ He shall then consider these indt_ced veldcities in their developmant

I

_-.- 30 _ according to directions pa_allel to t]_e longitudinal axis of the test s_ction

:_ I from the bearing line as far as downs1:ream infinity.
1.6

. ,_"_ 35 __ . The components needed to setup :hese corrections have essentiallybeenJ

extracted from various reports made i aerodynamics published both in France

, _ and abroad (Germany, England, Japan, SA) before the Second World War by
!

i 40 :many scientists, or inmediately folio ring the latter.

They were analyzed, collated, then studied together for interrelation-

I- ships in order to define a method for correcting raw test results made in a

45 low velocity _ind tunnel operated by Avions Marcel Dassa_. It wasI

.found possible to generalize the stud_ for a better interpretation o£ our

_own studies in experimental aerodynmn_cs,

Even goman Odd
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! I ....................... _....................... .I
i _ At the present time, the corrections of walls, improved ones, involve I

, the incidence (if necessary the_i_c_eff_cient) the drag coefficient and

the coef_cient of pitching moment or las the corrections of blockage are5 !
_ applied t the six componentsc_a_the_sa_ett_me taking some precauti

I

_ r pIns
insofar a_ the three components of th_ lateral are concerned). _

!
_.. This constitutes a considerable _evelopment from the time when Prandtl

and, above all, G1auert took them under consideration and summarized them
I

i- [2]. t

The applications of these double corrections to the raw data are sub-
L l

ject to two controls: I

The raw data have a_©eadyPb_enSoorrectedfor the ascendency of the20 F

_- test section and the varzous &nt?ractzons of the components as well as !
interactions of supports. TheseJsupports create not only additional

[- harmful drags but also effects oi the lift and even the pitchiz,gmoment

25 _ of the model [3]. __25.'__ ._
r The raw data, in the form o: dimensionless coefficients, have

|
been related to a dynamic refereiLce pressure, i.e. to a "infinite _' _

":" 30 _
_.=,' _, upstream" true velocity which is independent from the incidence or

_ deflection of the flaps_ for exmiple. ! m_

f--

This true velocity results from Prior calibration il, the wind tunnel.

35 , It is measured by a Pitot tube placed in an advantageous position or else

given an experimental factor, or comp msated by any other suitable means.

", iz.o
_0 .=

The blockage corrections:are the first ones which should be considered

i since they essentially correct the dy mmic reference pressure to which arerelated the raw coefficients measured by the wind tunnels. These corrections

_5 -are essential and important in the gui.ded test sections.

-2.!

- These corrections includ_ thr_s_ _rms corresponding to the volume of the :

-model, to its slip stream and to its eparations, i

Even Roman Odd ...
i i i i i _ i
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l ..... ] ........ It may easily be under-• Pagr Or_:_r_ I,, stood that each one of these
%' , _ - _ ]

I Definitions of Blocking I components contributesi to the
_ _ i/_///////j ,_ ;_ t io reduction of the cross section

_ ��,�ì�˜�_of airway of the experimental

: s test section. The result is

tinuity of flow, an increase
I

I i in the true "infinite upstream". 1_ fd>'//////////J I I reference velocity (Figure I).l

; u
', J _'///////////_ In addition, the increase

{ e"I _ t_ l�´�„�ofvelocity in the main flow
S°urCecontributes to a reduction of.I

. _._.... in the thickness of the bound-

"_- _ tax,/-- layer on the model. This25L

/////////////.

,: L_ |in velocity but the creation

i The Airway Cross Sections Decreese

l

" [ the Model of a static pressure gradient:: _0

:i_. " _ Owing to _the Sllp Stream which overlaps the static

_. pressure _radient characteris-
Separat i ons

• _ Three Causes of Increase in V6]_clt, tic of the test section. Eachi

, 3_ i"_ Figure I. Definition of Blocking. one of the gradients contribute,,

• _ to the creation Of an undesired

_ drag. It is therefore advisable to d, _iuct from the total drag these two
:,: 40 _-drags that can be classified among th, blockage,corrections.

E Glauert has done a good job of s_)eci£ying and summarizing the basic
L

calculations connecting a pressure gradient or velocity to the undesired

Ldrag resulting from them [2].
/

I

We shall confine ourselves, in tills study, to the correction of this II

_ component only, although one gradient can have an interaction with all six I
I

L compone. _s of aerodynamic stress a_ _ent (see A.R.C.R. and M 1166 and 1969)1"1

C- F_Z _L_
" Even Roman Odd _',
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4.

; __2.2 !i

• . r. _7 '_" -'_" '
! ,_ The origzn of calcuZatzofis-._ela___gtb blockage corrections appear to

' _ 5 go back a far as the works of Lock ( 29) and as continued by Glaue t.

Lock[was only interested in the dalculations of volume blockage,fin the
) two and tree dimensional system. In the two dimensional system, in a rec-

i
In ,- tangular test section with height H, _here already appear terms such as

_ C)3/2i ._(em/H)2 and such as (I/ in the c_se of the three dimensional system [4].

-Indeed, these are relations which have been exploited and further developed

;_ in recent times.

As a matter of fact, let us recal 1 that Glauert borrowed largely fromr- r

_ the relations of Lock at the same tim_ greatly simplifyin_ their mathemati-

i cal development. He likewisec_Cmp_q _ ._up_ceed further by proposing

7 F empirical reiationships of correction,:of blockage, slip stream and vortex

__originated separations [2].

_ In_.nd-,--Thom (I9_ caleul"a-t_-t_, "_oldai-e-_bl_)e_e _' a_d-Ws-Tip: stre_ blockage" with application to ,he plan_ flow using the case of a

° k three dimensional model placed in a r ,ctangulartest section [5].
• {

35 - The slip stream is depicted by a source placed at the trailing edge,

-this concept having been proposed at 'arioustimes by Prandt_ [6]. However,

-in the wind tunnel, the source should be accompanied by a sink of equal

" " 40 -intensity lecate_ quite far downstree t. Maskell (1965) supplemented this

"'" -_ork by specifying a term for "blockage of separations" [7]. This term,

........ _ produced beginning from a skillful mi of theories and experimentaldata

, , _ taken from British reports published uring the years, is a function of the

.. 45 }"_elongation of the airfoil.
,,

_-2._ !_

In the United States, Allen a_h_ncent._. (1944)_ have proposed_ for the
50._p.__.e__Aow_ correction formu1_s whichi_.... __,p-c_-___y__t:!_.sb!e_.d _

-- |Even Rornan Odd ,
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complete [8]. Their volume blockage correction vex7 exactly connects with
&

{ _- those of Lock but it introduc_ten_, _hich were calculated for the _rofiles

_ i- of cent orary wings. Their siipstr am blockage correction is iden ical

_- to the o_ pr._osed by Tho_. ,, ..- ,-_ - !

Then i Herriot (I_50), taking up a_ain the working bases from Tho_ and
I

-recalling those of Lock_ has calculat_i the "volume blockage" generally for

rectangular test sections and for guided circular test sections. He then

-brought into play the span of the model ar.d the diameter of the fuselage [9]..

- In a case of the slipstream blockage, 'Herriot reuses the formula of Allen

- _nd Vincenti.

2.5

i = i
_2 - In sumsary, we have asceL'Seined_ha_,_hee"slipstream blockage" function•

__:of the drag of the model, variable wi_h the incidence, has an identical

shape in the case of the authors _ent_oned above. This term is usable no

: matter what may be the cross section _f the e_l_erimental test section.
_ ; t .1_"

! O_ _e-othe_-haod, __e__ve-preferred_ _he _ blockag e't _ee_st _-----

term, of Them because more simply, pe: hap_ le s detailed than that of Herriot!

: but finally applicable no matter what may be _he cross section of the test
3O

sections. In addition, this term has been found to be usable in the half-

model tests _ith the wall located in guided circular test section.!
-_ _ In real/ty Tho_ provides with the; products of factors cal_ulated by

Herriot and which define on one hand :he geometry of the test section and

| on the other hand the span of the win or diameter of the model fuselage,
the consts_ut values 0.9 and 0.96 as c n be seen in section 4.1.I.

40 F These value5 include most co_aon cases without contributing appreciable

errors, as can be seen in the follow_ [g _able set up for some models of

Marcel Dassault AircrafC.

_e should like _o note that the _ast reports from NASA published in /60
V-

I 1967 or 1968 still refer to the Herri :t report when blockage corrections aret-

!"carried out, thus reassuring us of tb still current validity of the docu-
NAS:

.SO,',ments which we have consulted.
I

Even Roman Odd
!
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VOLUHE BLOCKAt_E--TERH 1 + A

_- (_EE S]_CTIpN 4.1.1)

- } ! '' I-- -- S5 Toulouso S-, Ch_;ais
' 2R=4,25 m :2R=3 m

Mirage IV 1,0C._3 1.00_1

- Micage III V 1,00371 1,00294

_ _. Mir_ F2 1.00368 1.00296 1.0105 1.0085

-- M_r_je G 1,0031 1,0025 1.00878 1,00724

• _- We have therefore used the terms: "volume blockage" provided by Thorn;

-"slipstream blockage" provided by Thol or Herriotl; "separation blockage"

_-provided by Maskell.

The characteristic relat_onakips! ea$ixlrfor three dimensional testing20

L are provided in part four of this stu( _.

_2.6
, J

"-_5 _ In the case of a m_del having a ingspan !of giyen elongation, to obtain

as _ £uh-_t-i_h o-F-lh-e--inc-i_ce, --te-h--e--__i-cie_f_-_£_dr_ s eparat ion

.,_characterizing the corresponding bloc, age te_, is rather difficult. It is ,_

_ possible !30 to use the graphic method by plotting Cxu as a function of CZ2u

•_ (Figure 2). Nevertheless, it appears preferable to go through the inter-

_mediate step involving search for the induced polar unit or even better the ,

.P parabola which is calculated and mix_ with the e_erimental polar unit on3_

the large CZu area (Figure 2).L.

Research of the parabola by the ethod of least squares applied _o

, experimental points CZu and CXu is possible by _achine.40 _-

Nevertheless, in order to obtain a good precision, it is important to

take measuring points closer $ogether along this parabola and even, if pos-sible, to consider the parabola as a thole. In this case, it is found suit-
45 _

able to carry out testing using the Rcidences found in the environment.
'_._us, for example, during the study o high lift wings, measurements using

_- 1 This term is found as early as _ ) in Germany. see _ieselsberger and :'
50 _-Gothert, L.G.L., Report 127.

12 E-I
Even Roman Odd ".
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+

-- ; _- ! high incidences are begun in

_- _ " _' " order to satisfy the needs of

I i _ _/__/ _'_!;'-s*_" -" _ r the aircraft'smanufacTurer,_- r_f --/'/J _ |_

___ | /'_r_ i ie but it is necessary to]perform

tests using low incidences,

"., _ c_. even negative incidences in

_- order to specify the corrective

terms for the wind tunnel.

_1 ___-_----_ This method has been

__ of Avions Marcel Dassault, at

.._ L , ,r..6 ,_. _ Saint-Cloud. It is proposed
fl gati of. the rzO F k " ........ " use by offices involved

with calculation and analysis "'_ Figure 2. Definition of Separatlon D, ag.

.... F_ tof wind tunnel testing.

25 _ This term for correction of sepal ___ _.¢ _P3_J
• fattens "s lied in a completely

. ral way. It may be used, for ex_ _le, in case of slender wings as

-" ".'" _ soon as the apex vortex appears as we: as in Jthe case of all _ortex flows

•: 30 provided that they originate -_ther f_- upstream on the trailing edge. The

._'i:'_. induced parabola is then determined u:;ing a reduced area of low incidences.

In the lateral case, as noted by Mr. Taurel, Chief of the Aerodynam:c

...._ " 35 _ Group at C_AT, separations can origim_te _ith low incidence but with strong

sideslip. The understanding of the t_rm separation blockage, in this case,

I is then determined beginning from the induced parabola CYu, Cxu graduated as
"'"' .0

_ an angle of sideslip _ . '"
/_ 40 -

'."-L - - 2.7
_.;-,,

_ """_ - When the supports •of models, suc: as mass and fairings, are located in

" 45 -the test section, it is important to ake into account by their volume and

drag--two constant terms. It is sufl .cient to merely increase the constant

-term "volume blockage" of the model b a certain percentage.

_ N_',
_0 ,

- i[--- [__-]
Even Roman Odd
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F 1

L-2"8 1_-- . P :'e On _'" -

I Let fs conclude wzth the _tct t_t' _t:_'is advisable to distinguish ,

5 between tthe "cocking effect" and "blockage". The corking effect is L:aused It

_erles_: ;fflr;:dt;::a;e;b_t_n'_j,_lT_tl_he flow inside the winditunnel.• e t velocity, quite visible with zncreaseh
;L. i- of incideuce, which is recorded by the Pitot tube measuring the "true up-

' stream infinite" velocity. In this case the blockage is an increase i_

velocity around the model and may be _alculated.

15 2.9
I

We have just examined the case o: guided test sections.

- In the case of the free test sec ion, the blockage directions can be ;20 - practically disregarded. Cover Paqe Source .,,

'- As a par_tthetical note, let us evertheless recall with Lock [4] and ,

Glauert [2] that in this type of te._t sectionlthere is a corr,_ctive term i

25 for volume. This term is equal to tb Lt which ill culated for the guided i

L_test section oJ_t-_-e same geometrical hape: _oweve-r-, _-t-h a free test 1 _

section, it should be multiplied by -/2 in t_e case of two dimensional I

!f 30 i tests and by -1/4 f°r three dimensi°n_l tests" Theref°re" these very small 1/6--_11- _ c_rrections Can be disregarded and we can, nevertheless, note the appearance

iofanegativesign.
.." 35 In the period 1939-1941, the Gensans, with Goethert mid Kuchemann, bec

interested in this type of test secti, m from the compressible aspect point a

of view, presumably owing to the smal ; size of their blockage corrections,
F chiefly those arising from the slipst:_eoJn which can be freely expanded.

• _9 ,-

_" _ They did, however, Place much emphasis on the blockage telw .owing to the
'J, _ model volume which assumes a rather llzrge importance in compressible flows

and insofar as calculations can be _le in the domain of validity of the

45 Prandtl-G_auert rule, i.e. before the appearance of a local sonic velocity.

Nevertheless, the separations ra_ain an_, returning to _e incompressiblq

'F aspect, it can be asked, but by thA_ _ re consideration of a "dead zone"5O

L_3
Even Roman Odd ......,,,.....
i i i i i
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i
behind the model, i£ the blockage res_lting £ro_ this does not behave like

LF a pseudoblockage/ o£ volume (s_eg'_dtCR.-_t$,_3120), additionally connepted to

5 ._ the turbulence o£ the wind tunnel and]the roughness o£ the model, i
k- ! • . Cov_r [_3.1e.':'l,; tit_ /
L_

The_ame problem i,kew,se remaln_ in the case o£ semi-guided teft

sections.I t
I

I0 - Nevertheless, beginning from the Iwork of Naskell, it is possible to

deduce a method capable of experimentally determining the coefficient

characterizing the blockage term owin to separations in all cases of test
1-
' sections.

WSL.
I

" _- Part Three: Wall Corrections
r-
I-3.o

20 _ Cover Pace Source
Since the blockage corrections h_ve _rovided the raw aerodynamic coef-

ficients their exact values, it is advisable then to make application of

wall corrections, i "_

• L< The problem o£ these corrections was investigated and solved by many !

" _ scientists before the Second World Wal.
;: :... 3U ["

•[ .." In plane flow, the profile is re laced by a certain n,unber o£ particular
" features which are generally arranged at the quarter point of its chord with

F

f respect to the leading edge and the sl resses o£ test section limitation by

: ""_'I 35 an infinite row of pictures of these _ecial features with th_ ssme orienta-

tion in the case of the free test sec .on .and with an opposite orientation !

in the case of the guided test sectiol . The induced velocities are then

,. :, 40 [:calculated using thes_ pictures at th, point located three quarters along the

._.:':! _ch_.'d o£ the profile or even, at its middle point, at the same time then i• _,_:.,.'_ },-
., . _taking into account the curvature of lhe airflow caused by these velocities.-, , ,"

... 45 These various m_thods have been reporl ed by Prandtl, Glauert, Pistolesi,
Sasaki, Rosenh_ad, Toaotika, Toussainl and 6oldstein.

, The corrections iu the three ,,_imqnsional flows consist, by assuming

_0 Feither a constant distribution, or _ elliptic_l distribution of the lift in
- F

L_3  s_L
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I

span, in order to calculate the induced velocities w by an infinite system

V of vortices, pictures of marg_ _t_tof the actual wing, at right

5 angles f m the line located at 25_ el the chords behind the leading edge.

_ By king for these velo_6sPii _fl!_n span a constant mean alue,
there is _ound the well known conventJ)nal diagram of simple wall cotrec-L

10 _ tions involving first £ncidence and t|en drag.

These corrections have been foun_ inadequate for wings which are small

in size, straight or have a slight sweep_ back of the leading edge, a great

L elongation or even a moderate elongation.

!5 L Indeed, these induced velocities||are evolutional on one hand in span,

on the other hand according to directions parallel to the longitudinal axis

• 26 _ of the wind t'nnel test sectiS_er p_ e 5ource •
_ These considerationsbecome abso .utelynecessary for study of the

"= - behzvlor of wings with slight elongati.on,i.e. for delta wings or for wings

•. 25 L which have a rather large sweepback. Natural y, they are sti,l useful in

_- In.the first analysis, without t _ing info consideration the develop-
_ment in span of induced velocities, w shall only use the value Of this

/-. 30
• :_: - velocity at right angle_ to the "mean aerodynamic chord" of the airfoil,

" _ while still evaluating its variation _ccording to this chord.

....'. i Certainly, by acting in this man Ler,we are disregarding wall correc-

-' tions relative to the lateral: roll correction or roll. However, we shall

• reveal additional wall corrections r ating to the profile whose chord is

• "ii. _ confused with the mean aerodynamic c_rd and identical to _hose that could i
40 be found for this profile tested in _ plane flow; i.e. supplementary correc-

•.: _ions for incidence, lift, pitch and, I£ necessary., drag.

These corrections correspond t_ linear development of the induced

• 45 _ velocity according to the p#ofile citadel hence to a camber of the circular

type of aerodynamic field according _ ths longitudinal axis of the test
!,, sectiou.

, NASI

E!t [__0 __--
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_ This camber, or curvature, is e_tended to infinity downstream andt

_ interacts with the horizonta1:_,,aba_.er_which is responsive to suiiable
5 L correctipns, i

3.2 { ! I
;_ r' Emphasis 4should be placed on th fact that the angles induced __y the

_ walls, resulting from the composition of verti:al velocities induced with

I .- the "upstream infinite" true velocity, are overlapped with the induced!

_ angles oE the Prandtl theory relativ_ to wings of finite span located in

I !

_- an unlimited environment. They may _ikewise add to the deflection angles5_

'- caused by the airfoil and which can _e found at right angles to the hori-!
zontal stabilizer.

Before carrying forwardC_kerd_, do_en_eo£ what has been described20i
: above, it is worthwhile to review so] _e basic data.F
I

F .3.3 Review of Concepts Concerning W,,ll Corrections /62F- I

25 F 3.3.0 !

(: -_ In the case of straight wing wi:h a S s_face., located in a completely _w"_

guided test section with a cross sec:ion So, I the vertical induced velocity!

: 30 _" w, as seen by the pictures, is dlrec_ed upward. The angle measured in the
• t--

i: F wi,_d tmmel is therefore too small. It should be increased by:
m

I

!35 _'_ = _ = 6 _ cz.• . 0

In the case o£ a free test sec on, the induced velocity w is directed

• downward. The measured angle is therefore too large. The coefficient of
_, 40 ,,- !
:_ _ correction 6 is negative.

.,'x 45 i 3.3.1 The determination of the absolute value of the coefficient 6 can pro-
!

I _ duce, onapreli_inarybasis, someiurprises. Itwouldappearwiseto
review a theorem ascribed to Glauer [10]; i

"The wall corrections ¢h_t_should be applied to a wing with small t
6o

span, local@ in a free test ;_¢tion o£ any_jeometrical shapel__ --- i

Ever. Roman Odd 1
!
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I- whatsoever, are o£ the same magritude but with a sign the reverse

_ of those that should bep_l_ _ot_e same wing, pivoted 90°, but

)_ _!__ lotted in a guided test se_tioz of the same shape."

i- Flee 3 illustrates th_V_he_ _fiking as examples four t pes
;- of test _ections: circular, square, rectangular and elliptical. 1

_n,)_ It is clear that, in the case o_ square or circular test sections, the
p

preceding theorem is valid without c_sing the wing to pivot by 90 °, since

_ these are symmetrical test sections. 1

. 15 _ 3.3.2 Case of Elliptical Test Sect ons
[- Let B and H be the respective s_ze of the width and _e height of the

I __ ellipse; /
20 F Cover Pa_e Source

, In the case of a wing with a sp_ 2b e_al to the focal distance, whose

i distribution of circulation is ellipfical and placed symmetrically with
_ respect to the two _es, the coefficients ar@ very closely provided by the

25 _i formulas : ...___. ;
1 H for the guided t_st sectfoniE

. 30 L 1 s

}::i _k 6 = - _. _ for t_ ]f.r.tm-.,,,mm-_-,_.ct t.9-.
'L
r Therefore, for a _a_e value of :he ratio B/H greater than 1, the

:_ 35 __ elliptical guided test section is re;pensive to a smaller correction than

that corresponding to the free elltpi:ical test section.

A rotation of 90 ° of the wing t ms d_onstrates the Glauert theorem.
• 40,

_ In addition, in the case of the circzlar test section with a radius R in

;:'" - _ich

i R=B 'H

... 45 and, in a case of a wi_ with _ inf Lnitelysmall sp_, the followi_ is

certainly true:

" 8 " 1/8 I I,the case of the guild test section,

i 50 _ = -I/_A_ the case of the free test section.

1 '
1 --Even Roman Odd
1 ,
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! 33,
, _ Page One itlz

L. l_ _e following are _he5 = Wall Corr@c_ionsB n_es o£ some of the scientists
Reverse Sign. San Ab_;olute value. Ti _le

i- who, between the two W ld WarsA_>O AL<O treat_ the problem ofwall|

_ • /°_-_', co_ections: Glauert, Terezawa

lO __ --" "-- --'-_ "_._'--I /I Theodorsen, Rose_ead and P.de Haller.

+ ---'_---t We shall use chie£1y:

'_5_,j__IL .... __._ Pr.dtlinthec_eofcircular

sections [12] and [15]; and

- , S_uki in the c_e of elliptical

., ! _ test se_ions [141. ,

-- _ i , , _ 1.____ shall likewise mention

._. | e works o£ Malavard. _is

i _iter t_es _ wall corrections _ -:L_. 30 in their entire syst_ by the
•. _., ,,. _' !_ _

, [15]. Wesh_ld not forget the _

',,Si'. 35 s_thesis work of Challis [16].

" , 3.3.4 i'/ lgure 3. Guided Test Section - Free _e basic calculations for ,
L_''+ _0 Test _ction. Glauert Theorem. the corrections are acco_lisned '
" I
.'... • by _s_ng the wing locat_ i

+ in the center o£ the test section, generally the case in testi_ I
|

., 45 _ It is there£ore possible to _onsi_er the case in _ich the wi_ is i

_learly _ove or bel_ this central position_ [_ ,.
- | [

NA k
50 - -.. ....

•- I

E.__3
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The correction calculations show ...at the greater the distance from the

_ Fcenter of the wing going towa1__er1_part of the test section, ]the more
i 5 _the corrections increase [17], for example. 2 I

i _ OovL,: P.,_'u.!Ti ': ie

I
, 3.3.5 t

• II
L The free test section, the longitudinal position of the wing with

i I¢ _-respect, on one hand, to the collector output, on the other hand, to the

!
• r

_input of the diffuser has some interest.

I F With a plane current Toussaint Ill], page 304, and Sasaki [16], pages

i 15 __27-28, have dealt with this problem, the three dimensional test, it is
_or

l-advantageous to consult [21].

In a general way, it appears that the wing should be located, with

...Co._er PO_ Sourc-20 !-respect to the output cross _c_1on_ _he collector, at a distance equal to

_ _a value included between half of the h ,'ight and the total height of this _

-
Let us comment on corrections hay .ng to d_ with half=models placed

-against a panel. I _ -

30
- When the panel consists of one of the walls of a rectangular test sec-

-tion, [22] can be consulted, i!

•hen the panel is located in a gu Lded circular test section, the works

;35 -of Kondo in [23] can be used. '!

- !
- From the comparison between the values of the _ coefficients resulting

_from the calculations of Sanuki dealin with elliptical test sections (sum- '_
40

[_aries in the Kondo report) and those reduced by Kondo relating to circular

-test sections when limited by a panel we are able to conclude that: from

i

45 - 2 This finding should be reconciled with calculations of corrections relat-
-ing to tests of models in the presence of the ground (ground-interaction).
-Indeed, the more the model comes closer to the platform representing the groun,
_the more the corrections decrease eventually becoming nngXigible whe_ the model

_simulates taxiing on the ground [18, 1 ', 20, 25], for example. _,
50 _" NAS

r--"" F_.._] m...,,.,.,,,,,.,-
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4

the aerodynamic viewpoint, a circular _est section with a radius R limited!

i ]by one panel situated at a dis_j_eO,_ _TOm)cthe center of the test section is

r'_perceptab_y_ equivalent to _ elliptical test_ section having as its minor,
5

|
' This concept of equivalenc_

• t
I0 - I _ may be generalized. In this

_ _ way, a half-model placed against

,- " the vertical wall of a guided

_ c_'_o rectangular test section with a
15

- height H a)_d width B may be

_ assimilated to a complete model

- located in a test section with :

20 _- Pa(,eSourc_chesame height but whose width

- f T _ is 2.B (see [22], p. 8). In "

_ __ -. _dition,
[22] anticipates [54]

25 -- --_nd [35] m_ntioned below. "

'- .......

,. - _ I These various basic con- -

/,, - importance by recalling the con-

cern of some scientists and the

.:"':' 35 :'-- requirement laid on by engineers

,," _ for the production of test sec- i

. ,.,;:. tions in which wall corrections --,

J:'i would be 0, or at least negli-
,_,.. 40 LFigure 4. Half-Model With- Nail. Circalar
tl',':'_f __ Test Section. Elliptical Test Section. gible. It is advisable to

,.,,_ remark _hat thi s idea waspsrtlc-
" ularly developed in France by

'. _5 Toussalnt.

It may be imagined, beginning frvn considerations concerning free test

sections and guided test sections, tha_ it is possible to Set up seml-guid_i
50 "test sections, the purpose of researN_ on, corrections .having one imposed t .

tEven Roman Odd ,.:''!':,'!'.'},,,
i I i i I i , i i i i
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_ _value. We can likewise reduce these c(_rrections to zero with a sjitable

!-proportion of guided walls wit_,e_cl.T_t+free walls,

5 _ I i Figure S illustra_s this /64
r- I |

_ I- t _ov,r P_-_ _ investigation, l

i__ _+_"'-_ !
o., ._ R The curves coITesponding

I- I d

are extracted from the works of

' _ \ I. Tani and M. Taima [24] and

- 1_,_+ i- • , _.x\\C\\_ _'_ _ '_ ' _ summarized by Kondo. Thesek_
I _\ _,_.oJ_ _ discussed the same problem in

L ._ _ the case of half-models at the
+ ',_

.,, -qc wall [25]. Malavard also dis-Source

_'0_ _ _'_ " cussed this problem generally

_ ;_ in the case of circular or

i t__' I ' _lliptical test sections [IS].i:..... .i_..__.,,._tfrom_gSS_on_,Tt.::_ain,
P : _ _ _ , _oted the importance of the

_ _loor and ceiling in the case

30 EFigure _. Semi-Gulded Test Sections. o_ sem.i-guided rectangular test
sections.

!

t _ The curves provided by Theordoser have already been explicit [26].

! 3_ _Nevertheless, we pre£er those plotted beginning from the works o£ Toussain_
/

(Figure 6, [12]). Toussaint wrote at a _ime when such test sections were

supposed to have a double advantage: corrections practica.l_y zero and easy
"design for private industrial laboratc

_0 l- ,ries [13], page 295. Under these c_n-
ditlons, two wind tunnels were produced having such test sections: first of ,

_all, Wind tunnel number 2, low veloci_y_ of the Institute Aerotechnique Of
VSaint-C,vr _chool (B = 2.10 w and H = _.80 m) then, in 1939, the Breguet wind

_5 itun,_,, located at Velizy,_ (B . 5.801andH. 3.07m)._+"

' _ 3 The Breguet wind tunnel was constructed with _.ttb .ed;_,O_..M. *J, Bmawl _:
_alid completely designed by/M. _o_.. qineew at the Institute!AeroterJ_ato_le

= - ,+__.
, ,_,?n, ,, , _o_+o............ Odd .,
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!
=. . i In this latter wind tunnel_

2" , : • :-:" the corrections are zero, when :

I i_ y__ Wall Correctionsof Rectangular 2biB _-0.57, or 2b = 2.i16m :; e?i_'__-ZL Test Sections "" : since B/H : 1.24, since,B and i

- ' deszgnate the ioal' _ H respectively

_ width and height o£ the rectan-i
• _ ;+/ gular test section. !

Guided Test 3.4 Development of Wall
Sect ion

:_ " _-_I t Correc'cions. Evolution ofInduc.ed Ve!oc! .tie.s.

" 0.2 I J' 3.4.0
r i-Guided Test

'" Section (throughel _ . The co_'rectionspreviously
_', ' horizontal walls)_'_' _

r 8//¢ shown are based on the concept

: o of induced angle Ai6 = w/Vo

;._ through the walls, localized at

_ t,he;gNgrter point of the chord

• r--.... "_ .... _f the _lght wing or the bearing
I

I !

.......J _ine and using the hypothesis
: _ree Test

3_ i Section that the value of w remains

!i i I :_\_ constant.
|i 'T [ ,_ ing to Toussaint

2b#O 3.q.l
I

Indeed, w evolves in span.3> _Figure 6. Rectangular Test Sections Nevertheless, as a first approxi-

f (T°ussaint)" [ marion, there still may be used

40 _or w a constant value, one which is perceptibly equalto its mean value in !

pan and which will b_ located at the quarter point of the mean aerodynami:

_hord 0£_'s the airfoil. [ i

Subsequently, consideration is given the evolution 0£ this vertical veloc-

ity induced according to this chord,. This evolution is linear. It there- 1
_ore generates a curve, or camber, of _:he circular type o£ airflow around the i

rivtleg_i profile whose chord is n ith the mean aerodynamic chord, i
L.

I L__ ........... 1

V_ _ 23L._
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f

.! - In this way, supplementary corrections appear which we can determine

-- i #- 1=.by using some of the hypothese_which _V_been offered for the calculation

; - :-of corrections of walls relating to profiles tested in a plane flow. I

_- By c_nsidering the velocity inddc_d in the middle of the mean a_rodynamic

: _chord la _ith respect to th_ one which}is at the quarter point of thi's same

-chord, a determination may be made of _he corrections for list, pitching

-moment and incidence, taken therefore as a function of la with a line drawn

•:-above Ta/4. This follows the original!me,_ning of Glauert [2].

| _ -._ Nevertheless, it is possible to d_sregard, the lift direction and carry
: it over entirely to the incidence by d_bling its preceding value.

Distance la/2 is revealed and tile hypotheses of Pistolesi are used in

20 ;--this case, calculating the i_t_¢glc_l _i_,ul_ethree quarters of the chord

i-of the profile [27].
i,--

Furthermore, sinre the effect of :he wall, is to introduce around the
i

25 :wing a circular camber of the test see:ion, in ia_reement with the theory of

_f4r_prof_te_r, t.hc cffcct_ve-angl_- donee _s_cer_a_mT-_ne l_a_t--

. ." Cat the three quarters point of the chord. :i

30 !-3.4.2

.L In addition, ffollowing a directic parallel to the longitudinal axis of

the wind t_unel test section, the vert c;l velocity induced by the walls
"_ 35 _evolves far downstream from the airfoi i.

4 Such an evolution had already bee l ofi'erea by C-iauert so as to correct
• i

-for measures of deflection at right _lles from the horizontal stabilizers
• 4o -[2s]. i

J. - More recently, Heyson, confronted with the requirement_ of V/STOL air-

•_' ':craft, well described the problem of p itch corrections [29].

.. 45 - Heyson proposes two methods. On _ne hand, he considers a correction /6.__5

-based on a rotation o_ the airflow, rc :atic-_ define_: by the difference of

-_angles induced between the horizontal _tabilizer and the airfoil.

5'J

12.t__ "--
gvan Roman Odd
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_- On the other hand, he proposes a _imple correction of pitch moment,' I

_ :correction which only involve_ _e _c_n_ibution of the horizontal stabilizer

i '-the metho I _hich we have alrea_y..4_se_tndT ,1_h_.correction relation which we

• ' _-have calcqlated elsewhere. 1 I
• i- II

Consistent with the preceding comments, it is suggested to use the angle
{ . t

_induced at three quarterc of the mean aerodynamic chord le of the hor-:zontal

_stabilizer. There should also more es_ecially be considered the mean aero-

.i i'dynamic chord of the part of the stabilizer outside the fuselage, since the
._ 15 _angle induced by _he walls, well defined on the lift surface, is undefinable

Fon the part screened by the fuselage, {rodabove all, when the stabilizer is
F
_located against the sides of the latte :.

Cover Pa, e Sc,urce
20 L If necessary, a stabilizer which ls located quite high on the fin can

be treated as an isolated airfoil.

?.5 _p_
t_ We_arn__therefnre gninE_2o prnv/_ -a._generLL._ oLChe-deve_pmer_;-o£---

:- Lthe calculations.

L w = 6S---Cz, at a dis-
:. 30 - When at right angles of the bearilg line: Ai6 = V'- :S

o o
"_..::": _tahoe x - I downstrea_ from this line, w has _hanged and has become w g _w,

-Such that: )
i

.. i
- $

: 35 _ _i=611+r)_oCz
- = Ai6 �r._siG

I- "* "

i, 40 _- This evolution of the ¢ coeffici t, parallel tL the longitudinal axis

..';': "of the wind tunnel, has been calculated in the case o£ circular and ellipti-

cal test sections by Miss Lotz [30].
45 h Having compared a half-model wit_wall in a circular guided test section

] Vto a complete model in an elliptical est section, the work of Miss Lotz

has been especially valuablo and it w II be used in the applications proposed

50 !-in parts four and five. NA_
I

! -[L-_. F__]
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__ A recent study by Joppa [31], original in its manner of treating wall
l-corrections in a guided test s_i_,,._nsLsting in the sectioning of walls

_llform polygons containing layer_ of vortices has been found t_ sup-= into

!-plement a confirm [17] and [_d_]_ _ _i "_

fr - I

IC _. Indeed, two values of l: ia and ie should be used (Figure 7) since they

allow, on one hand, the application of_corrections for incidence and pitch

-: _moment of airfoil and, on th_ other h_d, corrections for pitch moment of i

_the complete model using the horizontaZ stabilizer.
_5_

I

These corrections requlre, as wil_ be seen below, the kno#ledge, in some

cases, of the lift gradient of the air,!oil in the presence of the fuselage

- _ :_and knowledge of the lift grad_@_rO_a_:hethor_ontal stabilizer.
_

' Knowledge of these gradients ther _fore implies supplementary testing.

For example, there should be made parall_l to each configuration of /66

25 _aircraft model, a test without horizon:a1 stabilizer. The machine program

-'" :its placing in memory for the purpose pf its l_ter use for the corresponding

30 _test of complete model.

: - In practice, it can be seen that .t is possible to reduce the number of

-tests without stabilizer to several ty ,e tests which can be used for the

"': 35 _ole testing program of the stabilize aircraft model.
[

3;4.5
._ _ Experimental data allowing knowle ge of the aerodynamic operation of the

.:.. , 4_ _orizontal stabilizer of an aircraft m_del placed in a wind tunnel are:

.. L The dynamic pressure qe of the air at right angles of this s_abili- !

'_"_: zer taken with respect to tl,_ true and corrected dynamic pressure, qc

' ' _ Of t_e blockage.

Its lift gradient (dCz/di)e , the stabilizer being considered in

• _ its entirety, including the part .n the fuselage. The angle of inci-

dence at righ_ angles to the s_ lizer is not under consideration,

i_
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L- the only factor is the angle indule ,bd y the walls and this angle is

calculated as has been se_b_Yefi _.,:

¢_we l°ss °f lift underg°ne'_the stabilizermaybe separat;d5 into o parts: one comic_W 4¢a_ t_ certain aircraft confi_ura-

F tion_--from the screened surface Inside the fusela+-e, and the ot_err
V coming from the interaction produced by the ] _ter.

iu _3.4; .6

I

t .dCz.
: , In the absence of measurements, tl+e search for the value of (d--_-je can -

_5 ibe accomplishedby calculations.

F It is true (NACA 5911) (NACA 2355),
that Polhamu_ T.] !. and Diederich T.N.

,Pproposedrelations allowing the calcuL .lionof the airfoil lift grad._.ent,
t=-

20 _ncluding any plane shape what6oc_e_a eeSouca function of the streamlining,
Esweepback or elongation.

t-- L

L Now, a stabilizer possesses reduc _ddimensions with respect to thoseI
Lof an airfoil, i

25L i L4L)_ ___

++ _, In_way;-c-stabT/i-z_r m-o_r_l-£ V_h-_rac_e_Zze-_ at¢--_e present time +
: Lnot only by a slight elongation and a ipronounc_dsweepback, but also by a - _

::"+. 30 F ather low Reynolds number, often lesslthan 1.106 which conditions its aero-

+_."::=: Edynamic operation.

I- In the case of a stabilizer cons! ter_ as an elongation airfoil _e ,nd

•.'+ 35 haracterized by a sweepback _25%_, w_ have used the following theoretical

relation: +,,

:" F dCz _,e '

I
+,.+_+ confirmed, in I•+.++,.' I" This relation, originated by Ring :eb (NACAT.M. 1158),

Ihe case of low Re)mold's numbers, in L_CA T.N. 1278, has been taken 1ruder
.. 45 l-study and analyzed by John J. Harper OIACAT.N. 2495).

F

2_-_ ,_.s nothing more than the :heoretical value of the lift gradient
_o£ a straight elliptical wing with elo _ation X calculated by Glauert beginnin8
I- ' • - HA`¢_.

50 __ Sweepback of the line joining the,_u_er point of the chords.
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I o

._.fromthe Prandtl theory, and whence 2_ izs the theoretical slope of the unitI

_curve of lift of a fin profile_th'.i_n_hite elongation, This theoretical

5 _value zs ound theoretically reduced b approximately i0_ enabling t
i" .:--following,I expressed in degree_,,,to _rcRttms: [

dCz Xe
'- di" _ 0,1._ .cos_2s_

L_

Taking into account the loss of lift k = Czf + e/Cze owing to the pre-2-- 1I

'-sence of the fuselage, it is possible +n an approximative basis to determine

i5 _beginning from the study of Spreiter (._f.A T.R. 962, p. 7) and from the

_reduction of dynamic pressure qelqc (oi the order of 2 to 3_), there will;_finally be produced: 1

qe qe dCz "x., .Xe
1- -- -k .... 0,08 .cos
a qc /di'/e qc di" -- _ _°2s%

25h '_

i :- j i',"l
• i _

.-_ 30-

! -35 -

60 "

45 __
I
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